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  Doughs were prepared with different concentrations of carboxymethylcellulose, xan-
than, and guar-gum (0.1, 0.2 and 0.3% in doughs), freezed at -20°C and analyzed after 0, 
7, 15 and 30 days. Pure Saccharomyces cerevisiae culture was isolated from dough and 
was cultivated under optimal conditions during 24 hrs to determine the following para-
meters: specific growth rate, fermentative activities and cytochromes contents in intact 
cells with the aim of determining the respiration intensity. During freezing of dough for 
30 days, the percentage of living cells from dough surface was 53.11% and from the 
middle 54.95%. Carboxymethylcellulose in concentration of 0.3 and 0.5% increased 
number of survived cells on the surface to 70.64, and 70.28% and in the middle to 74.79, 
and 76.54%, respectively. Guar–gum increased number of survived cells only in concen-
tration of 0.1% on the surface to 70.17% and in the middle of the dough to 75.26%. The 
mean specific growth rate decreased by approximately 10% during 30 days of storage at 
-20°C. Content of cytochromes in intact cells decreased in all samples during freezing. 
 
KEY WORDS: Saccharomyces cerevisiae, frozen dough, metabolism, viability 
  
INTRODUCTION 
 
  The process of manufacturing bread from frozen dough is widely utilized in the 
baking industry (1). In bread making baker’s yeast Saccharomyces cerevisiae encounters 
many stresses, such as freezing, heat shock, osmotic stress and air-drying stress. Such 
freezing can thus cause cell wall and membrane damage, protein and DNA denaturation 
and decreased cell survival. After the dough thaws, yeast cells show dramatically decrea-
sed fermentation activity (2,3). 
  Survival of frozen yeast cells depends on several genetic, physiological, and en-
vironmental factors (4). A number of factors can affect yeast cells damage, depending on 
whether ice is formed intracellularly (high freezing rates) or extracelularly (lower free-
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zing rates) (5). Yeast cells are damaged during the freezing process, while the thawing 
regime affects insignificantly the survival of yeast cells.  
  Several ways of decreasing the effect of freezing and frozen storage on yeast cells 
survival and fermentative activity can be found, even on improving the characteristics 
and quality of frozen dough and obtained bakery products: addition of hydrocolloids, 
lower water content in prepared dough, higher amount of yeast compared to traditional 
production and shorter dough fermentation before freezing, use of instant yeast, use of 
cryotolerant and/or cryoresistent baker’s yeast strains, and use of modified yeast strains 
(6). Hydrocolloids have been widely used in food products to modify texture, improve 
moisture retention, control water mobility, and maintain overall product quality during 
storage (7,8). The effects of hydrocolloids on the functional properties of dough and 
bread quality depend on the nature origin and particle size of the hydrocolloid, and the 
dosage of the hydrocolloid incorporated into dough formulations. Protein and poly-
saccharide functions are greatly affected by their interaction with each other and with 
other components of food system (9). Different hydrocolloids like carboxymethylcellu-
lose, xanthan, and guar-gum have been successfully used in wheat bread production (10). 
  Hydrocolloids when used in small quantities (<1% (w/w) in flour) are axpected to 
increase water retention and loaf volume and to desrease firmness and starch retro-
gradation (11). Ribotta et al. (7) showed that the addition of guar gum (0.5% (w/w) in 
flour) improves volume and texture of bread obtained from non-frozen and frozen dough. 
Sharadanant and Khan (12) investigated the influence of carboxymethylcellulose (CMC) 
addition in three different concentrations (1, 2 and 3% (w/w) in flour) on bread quality. 
The doughs were stored frozen for up to 16 weeks. Although the external and internal 
characteristics of bread deterorated with storage time addition of CMC improved the 
characteristics compared with control after each storage period. 
  The aim of this research was to investigate the possibility of carboxymethylcellulose, 
xanthan, and guar-gum use to protect yeast cells during dough freezing.  
 
EXPERIMENTAL 
 
  Average quality commercial T-500 flour was used for the production of dough, which 
was frozen later. Quality characteristics were analyzed according to the Regulations on 
methods of physical and chemical analyses for quality control of wheat, milling and 
bakery products, pasta and fast frozen dough (13). Doughs were prepared according to 
the following procedure: flour+water+fresh commercial baker’s yeast (2.5% calculated 
on flour) were placed in the spin kneading machine with helical agitators, and mixed for 
10 min at 85 rpm (control). Temperature of mixed dough was 20±1°C (14). Carboxy-
methylcellulose, xanthan, and guar-gum (Fluka AG, Buch, Switzerland) were added as a 
component into the dough prepared according to the described procedure. Doughs were 
prepared with different concentrations of hydrocolloids (0.1, 0.2 and 0.3% in doughs), 
divided into portions, frozen at -20°C (freezing rate was 1°C/min), stored at -20°C and 
analyzed after 0, 7, 15 and 30 days. The number of living Saccharomyces cerevisiae cells 
was determined according to the method given in the Rulebook on methods performing 
microbiological analyses and super analyses of food products (15). The samples were 
thawed at 4°C for 12 h, and for additional 1.5 h at 20°C. The number of living Saccha-APTEFF, 40, 1-220 (2009)   UDC:  664.64.016.3/.8:664.644.7:664.037.5 
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romyces cerevisiae cells (viability) was determined by spreading samples on YPD agar 
and counting colonies after 3-4 days of incubation at 30°C (16). Colonies of pure Saccha-
romyces cerevisiae culture were transferred into the liquid nutritive medium for yeast 
(17) and cultivated under optimal conditions (aeration and temperature) during 24 h. Spe-
cific growth rate was determined according to Pejin (18). Fermentative activity was de-
termined using Einhorn method described by Reiff et al. (19). Cytochrome content in in-
tact cells (with the aim of determining the respiration intensity) was determined accor-
ding to Oura and Suomalainen (20). 
 
RESULTS AND DISCUSSION 
 
  During freezing of dough for 30 days, the percentage of living yeast cells from dough 
surface was 53.11%, and in the middle 57.87%. These results are in agreement with those 
of Ribotta et al. (21). Comparing these results, it can be presumed that the cells in the 
middle of the dough were protected from low temperatures and because of that the 
number of survived cells was higher. Carboxymethylcellulose in concentration of 0.3 and 
0.5% increased the number of survived cells on the surface to 70.64, and 70.28% and in 
the middle to 74.79, and 76.54%, respectively (Fig. 1).  
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Fig. 1. Percentage of living yeast cells in dough compared to initial number before 
freezing (on the surface and in the middle) with the addition of carboxymethylcellulose 
(0.1, 0.3 and 0.5%) after 30 days of freezing. Values represent means calculated from 
three determinations 
 
  Addition of xanthan to doughs did not have a great impact on percentage of living 
yeast cells after 30 days of freezing (Fig. 2). Guar–gum increased survived cells number 
only in concentration of 0.1%: on the surface to 70.17%, and in the middle of the dough 
to 75.26% (Fig. 3). Hydrocolloids can modify the dough structure, bind the free water 
and control water migration in the dough. Binding immobilization of water decreases the 
ice crystal formation and also the damage of gluten and yeast cells (22). 
  In the further investigations, yeast cells were isolated from the middle of the dough 
and propagated for the determination of specific growth rate and cytochrome content APTEFF, 40, 1-220 (2009)   UDC:  664.64.016.3/.8:664.644.7:664.037.5 
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(dough with 0.5%  carboxymethylcellulose, dough with 0.5% xanthan, and dough with 
0.1% for guar-gum). 
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Fig. 2. Percentage of living yeast cells in dough compared to initial number before 
freezing (on the surface and in the middle) with the addition of xanthan (0.1, 0.3 and 
0.5%) after 30 days of freezing. Values represent means calculated from three 
determinations 
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Fig. 3. Percentage of living yeast cells in dough compared to initial number before 
freezing (on the surface and in the middle) with the addition of guar-gum (0.1, 0.3 and 
0.5%) after 30 days of freezing. Values represent means calculated from three 
determinations 
 
  There is today enough evidence to conclude that the exposure to low temperature 
protects yeast cells against freeze injury through the cold-induced accumulation of tre-
halose, glycerol and heat-shock proteins (23). APTEFF, 40, 1-220 (2009)   UDC:  664.64.016.3/.8:664.644.7:664.037.5 
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  Specific growth rates of Saccharomyces cerevisiae pure culture decreased constantly 
with a longer freezing of dough. The mean specific growth rate decreased by approxi-
mately 10% during 30 days of storage at -20°C (Table 1).  
 
Table 1. Specific growth rate μ (h
-1) of pure Saccharomyces cerevisiae culture isolated 
from frozen dough samples during 30 days of freezing
a 
 
Specific growth rate μ (h
-1) 
Days Dough  sample 
Control sample  CMC
b 
(0.5%) 
Xanthan 
(0.5%) 
Guar-gum 
(0.1%) 
on the surface  0.1425  0.1430  0.1430  0.1430  0 
in the middle  0.1452  0.1370  0.1390  0.1425 
on the surface  0.1510  0.1430  0.1390  0.1395  1 
in the middle  0.1540  0.1360  0.1320  0.1360 
on the surface  0.1420  0.1360  0.1380  0.1370  7 
in the middle  0.1300  0.1353  0.1320  0.1360 
on the surface  0.1350  0.1381  0.1370  0.1300  15 
in the middle  0.1300  0.1362  0.1290  0.1260 
on the surface  0.1340  0.1380  0.1300  0.1300  30 
in the middle  0.1300  0.1380  0.1290  0.1290 
   a Values represent means calculated from three determinations 
   b CMC - Carboxymethylcellulose 
 
  Fermentative activities of pure Saccharomyces cerevisiae cultures isolated from 
frozen doughs containing carboxymethylcellulose (0.5%), xanthan (0.5%), and guar-gum 
(0.1%) are given in Table 2. Fermentative activities decreased during 30 days of freezing. 
By addition of hydrocolloids to dough, fermentative activities decreased less compared to 
control samples. The best protection of yeast cells was provided by carboxymethylcellu-
lose. 
 
Table 2. Fermentative activity of pure Saccharomyces cerevisiae cultures isolated from 
frozen dough samples during 30 days of freezing
a 
 
Fermentative activity (cm
3 CO2/L g dry matter in 15 minutes) 
Days Dough  sample  Control sample  CMC
b 
(0.5%) 
Xanthan 
(0.5%) 
Guar-gum 
(0.1%) 
on the surface  46.41  47.78  49.50  50.72  0 
in the middle  41.62  46.76  47.80  49.27 
on the surface  43.80  48.74  49.32  49.80  1 
in the middle  42.26  41.98  46.20  48.30 
on the surface  43.90  49.50  49.20  49.70  7 
in the middle  41.90  49.10  48.20  47.30 
on the surface  43.00  47.33  48.30  49.20  15 
in the middle  39.80  37.23  40.18  42.76 
on the surface  42.04  44.56  45.80  44.30  30 
in the middle  34.48  39.80  37.80  35.20 
      a Values represent means calculated from three determinations 
      b CMC - Carboxymethylcellulose 
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  Higher fermentative activities were determined in yeast samples with higher specific 
growth rates (Tables 1 and 2), which is in accordance with results of Van Hoek et al. 
(24).  
  Contents of aa3, b, and c cytochromes in pure Saccharomyces cerevisiae culture cells 
isolated from the surface of doughs and cultivated under optimal conditions for 24 h are 
presented in Figs. 4-7. Yeast cells were isolated from the dough middle. Individual and 
total cytochromes contents decreased during dough freezing, especially cytochrome aa3. 
Cytochromes contents in pure Saccharomyces cerevisiae culture cells isolated from 
doughs with the addition of carboxymethylcellulose showed the smallest decrease during 
freezing (from 25.85 to 20.12).  
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Fig. 4. Cytochromes contents (moles 10
5/kg of yeast with 25% dry matter) in pure 
Saccharomyces cerevisiae culture cells isolated from control dough. Values represent 
means calculated from three determinations 
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Fig. 5. Cytochromes contents (moles 10
5/kg of yeast with 25% dry matter) in pure 
Saccharomyces cerevisiae culture cells isolated from dough with the addition of 
carboxymethylcellulose (0.5%). Values represent means calculated from three 
determinations APTEFF, 40, 1-220 (2009)   UDC:  664.64.016.3/.8:664.644.7:664.037.5 
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Fig. 6. Cytochromes contents (moles 10
5/kg of yeast with 25% dry matter) in pure 
Saccharomyces cerevisiae culture cells isolated from dough with the addition of xanthan 
(0.5%). Values represent means calculated from three determinations 
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Fig. 7. Cytochromes contents (moles 10
5/kg of yeast with 25% dry matter) in pure 
Saccharomyces cerevisiae culture cells isolated from dough with the addition of guar-
gum (0.1%). Values represent means calculated from three determinations 
 
 Codón  et al. (16) showed that after prolonged freezing viability decreased in the 
frequency of respiratory-deficient (petite) mutant formation. This indicated that mito-
chondria were not stable and were incompatible with the nucleus. Recently, Stoycheva et 
al. (25) showed that freezing has mutagenic effect on mitochondrial DNA of the yeast 
Saccharomyces cerevisiae, which induces respiration mutants in Saccharomyces cere-
visiae cells. However, in this study petite mutants were not observed. Content of cyto-
chrome, which shows intensity of aerobic metebolism, decreased during freezing. The 
decrease of aerobic metobolism leads to lack of energy, which can induce decrease of 
specific growth rate. APTEFF, 40, 1-220 (2009)   UDC:  664.64.016.3/.8:664.644.7:664.037.5 
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CONCLUSIONS 
 
  Addition of hydrocolloids to dough protects yeast cells during freezing. Carboxy-
methylcellulose in concentration of 0.3 and 0.5% increased the number of survived cells 
on the surface to 70.64, and 70.28% and in the middle to 74.79, and 76.54%, respecti-
vely. Guar–gum increased survived cells number only in concentration of 0.1% on the 
surface to 70.17%, and in the middle of the dough to 75.26%. Fermentative activities 
decreased during 30 days of freezing. By addition of hydrocolloids to dough fermentative 
activities decreased less compared to control samples. The best protection of yeast cells 
was provided by carboxymethylcellulose. Individual and total cytochromes contents de-
creased during dough freezing, especially cytochrome aa3. Cytochromes contents in pure 
Saccharomyces cerevisiae culture cells isolated from doughs with the addition of car-
boxymethylcellulose showed the smallest decrease during freezing.  
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УТИЦАЈ ДОДАТКА КАРБОКСИМЕТИЛЦЕЛУЛОЗЕ, КСАНТАНА И ГУАР-
ГУМЕ У ХЛЕБНО ТЕСТО ПРЕ ЗАМРЗАВАЊА НА МЕТАБОЛИЗАМ И 
ВИЈАБИЛНОСТ Saccharomyces cerevisiae 
 
Душанка Ј. Пејин, Олгица С. Грујић, Јелена Д. Пејин, Ирена С. Дошеновић и 
Сунчица Д. Коцић-Танацков 
 
  Хлебна теста су припремана са различитим  концентрацијама карбоксиметил-
целулозе, ксантана и гуар-гуме (0,1; 0,2 и 0,3% у тесту), замрзавана на -20°C и ана-
лизирана након 0, 7, 15 и 30 дана. Чиста култура Saccharomyces cerevisiae је изо-
лована из теста и култивисана под оптималним условима 24 часа. Следећи пара-
метри су одређивани: специфична брзина раста, ферментативна активност и садр-
жај цитохрома у интактним ћелијама у циљу одређивања интензитета дисања. То-
ком замрзавања у трајању од 30 дана, проценат живих ћелија са површине теста је APTEFF, 40, 1-220 (2009)   UDC:  664.64.016.3/.8:664.644.7:664.037.5 
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био 53,11%, а из средине 54,95%. Карбоксиметилцелулоза је при концентрацијама 
од 0,3 и 0,5% повећаала број живих ћелија на површини на 70,64 и 70,28% и у 
средини на 74,79 и 76,54%. Додатак гуар-гуме је повећао број живих ћелија само у 
концентрацији 0,1% на површини до 70,17% и у средини теста до 75,26%. Средња 
специфична брзина раста је смањена приближно за 10% током 30 дана чувања на    
-20°C. Садржај цитохрома у интактним ћелијама је смањен у свим узорцима током 
замрзавања. 
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